Ionic mechanisms of intracellular pH regulation in the nervous system.
Two separate mechanisms responsible for intracellular pH (pHi) regulation in neuronal membranes of the nervous system have been studied so far: they are Na+/H+ and Na+-H+-HCO3-/Cl- exchange. The involvement of these mechanisms in pHi regulation of neurons and glial cells has been investigated in the leech central nervous system using ion-selective microelectrodes. The amiloride-sensitive Na+/H+ exchange is the predominant mechanism of pHi regulation in nominally HCO3- free, Hepes-buffered saline of both neurons and glial cells of this nervous system. In the presence of CO2-HCO3- buffer, however, the SITS-sensitive Na+-H+-HCO3-/Cl- exchanger contributes to acid extrusion in neurons and probably also in glial cells. Unlike neuronal pHi, glial pHi increases when Hepes is replaced by CO2-HCO3- as the extracellular buffer, and decreases again on return to Hepes buffer. The glial alkalinization occurs in the opposite direction, as would be expected from the CO2 movement across the cell membrane and its hydration to form carbonic acid which dissociates into H+ and HCO3- ions. The expected acidification, however, is observed in neurons, and is reduced by acetazolamide and ethoxzolamide, inhibitors of carbonic anhydrase, which catalyses the formation of carbonic acid. On the other hand, these drugs are shown to produce no change of the CO2-HCO3- -induced alkalinization in glial cells. The observations suggest that Na+-HCO3- co-transport across the glial cell membrane, mediating the influx of HCO3- ions into the cell interior, could be responsible for the unusual alkalinization. Further evidence for the activation of Na+-HCO3- co-transport, as a third mechanism involved in pHi homeostasis of the nervous system, is presented.